opmental changes in the cell surface integrin repertoire Here, we show that ␣ 3 ␤ 1 integrin is necessary for neumay thus modulate neuronal cell migratory behavior by ron-glial recognition during neuronal migration and that altering the strength and ligand preferences of cell-cell ␣ V integrins provide optimal levels of the basic neuronadhesion during development. 
,

Introduction
protein kinases, phosphatases, SH2-SH3 adapter proteins, small GTPases, and phospholipid mediators, leadThe emergence of the functionally crucial laminar orgaing eventually to changes in the spatial localization of nization of the cerebral cortex depends on the approintegrins on the cell surface and integrin-actin cytoskelpriate migration and placement of neurons (Caviness eton interactions (Clark and Brugge, 1995; Hannigan and Rakic, 1978; Barth, 1987; Rakic, 1988a Rakic, , 1988b Rakic, , 1990 . The coordinated regulation of cell-cell recognition and adhesion and cell motility mechanisms underlies the migration of neurons from the ventricular zone to their detachment from their radial glial migratory guides (Figrespective The rate of neuronal migration was measured before and after exposure to anti-integrin antibodies. Anti-␣ 3 , -␤ 1 , and -␣ V antibodies reduced the rate of migration by 40%, 63%, and 79%, respectively. Anti-␣ 1 , -␤ 3 , control mouse mAbs, or hamster IgMs did not alter the rate of migration significantly. Anti-␣ 1 (3A3), -␣ 3 (Ralph3-1), and -␤ 1 (HA2/11) integrin antibodies and C1 control mAbs were added at 50 g/ml. Purified hamster monoclonal anti-␣ V and -␤ 3 integrin antibodies and IgMs were added at 1 g/ml. from their radial glial guides ( Figures 2B and 3) . Antibodies specific to ␤ 1 integrins as well as pan ␤ integrin polyclonal antiserum (Lenny) produced similar effects: an initial reduction in the rate of neuronal migration and the eventual detachment of neurons from their radial glial guides (Figure 3 ). The inhibition of ␤ 3 integrins, one of the ␤ subunits known to associate with ␣ V integrins, did not lead to any significant changes in the rate or pattern of neuronal migration. Similarly, the perturbation of ␣ 1 ␤ 1 integrin with a 3A3 mAbs specific to that receptor did not affect neuronal migration. Furthermore, exposure to rabbit immunoglobulins, hamster IgMs, or control mAbs to an ubiquitous neuronal and glial cell surface molecule did not alter neuronal migration (Figures 2  and 3) . The above results suggest that different integrins con- Figure 5B ). Under control conditions, 89% of all aggregates (n ϭ 83) were the mixed neuron-glial type, and the rest were clustered or pure aggregates. In contrast, when the ␣ 3 integrin was blocked, 78% of all aggregates (n ϭ 171) were clustered or pure aggregates, and the rest were mixed neuron-glial aggregates. Similar results were obtained when embryonic neuronal and glial cells from ␣ 3 Ϫ/Ϫ and wild-type cerebral cortices were used in these aggregation assays ( Figures 5C, 5D , and 5F). Neurons and glia from ␣ 3 mutant brains tend to separate from each other, whereas those from wild-type brains adhered to each other freely.
In some cortical imprint neuronal migration assays, are crucial for the maintenance of necessary levels of neuron-glial adhesive interactions during neuronal migration. In contrast, ␣ 3 integrins appear to modulate and cell motility mechanisms during this process. Dyneuron-glial recognition cues during neuronal migration namic changes in these mechanisms, which are conand thus maintain neurons in a gliophilic mode until trolled by different integrins, are likely to instruct neuneuronal migration is over and layer formation begins. rons to begin, maintain, alter, or end their migration
The gliophilic-to-neurophilic switch in the adhesive prefduring corticogenesis. In an attempt to decipher whether erence of developing neurons following the inhibition and how these integrins are involved in neuron-glial of ␣ 3 integrins was reflected in the abnormal cortical recognition, neuron-glial adhesion, neuronal motility, or organization of ␣ 3 mutant mice. a combination of these cellular processes, we tested the function of these integrins in neuron-glial reaggregation assays.
Abnormal Cortical 
Histological and Immunohistochemical Procedures
Embryonic cerebral cortices or neuron-glial aggregates were fixed Mutant Mouse Strains in 4% paraformaldehyde, cut into 10 m sections in a cryostat, and The generation and characterization of the targeted mutation in collected onto gelatin-coated glass slides. After air dried, sections mouse ␣ 3 integrins were described in Kreidberg et al. (1996) . Genowere washed and blocked in Tris-buffered saline (TBS) containing types of the embryos used were determined by PCR as described 5% goat serum, 3% bovine serum albumin, and 0.01% Triton X-100 earlier (DiPersio et al., 1997) .
for 15 were stained with 0.1% basic fuschia (Sigma) for 20 min instead of morphological features of migrating neurons and glial cell subcresyl violet. These sections were differentiated in 70% ethanol, strates, and the extent of neuronal-glial cell contact were monitored glacial acetic acid (50 l/100 ml) for 1 min prior to the aforementioned before and after antibody perturbation. The extent of cell soma dehydration and clearance steps. movement was divided by the time elapsed between observations to obtain the rate of cell migration for each neuron studied. Statistical BrdU Birthdating Studies differences between experimental groups were tested by a student's In this assay, newly generated neurons were labeled with BrdU, t test. and the extent of their migration and layer-specific localization was At the end of the observations, some cultures were fixed in 4% analyzed. Briefly, pregnant mice were injected intraperitoneally with paraformaldehyde and processed for anti-GFAP (Datco), anti-neuBrdU ( areas. plated at 300,000 cells/2 ml in a 24 well dish and rotated at 90 rpm in a 37ЊC (95% O 2 /5% CO 2 ) incubator for 24 hr. Some wells were
